Biological functions can be regulated by pH, ions or signalling molecules. Certain biological events can be regulated by light stimuli. The most common instance of the regulation of a protein function by light is the photoisomerization of retinal in rhodopsin. Photoisomerization of synthetic photoswitches and subsequent optical control of biological functions are cutting edge areas of research in Chemistry and Chemical Biology. [1] [2] [3] [4] [5] Although a large number of photochromic systems are available, chemists have frequently made use of the azobenzene photochrome because of its convenient synthesis, well established (E)-(Z) photoisomerization and more importantly, a large change in the molecular geometry upon irradiation with UV and visible light and constructed a host of molecular devices. 6 Binding of cations, 7 anions 8 and molecules 9 has also been investigated using receptor linked azobenzene systems. Thus, it is conceivable that with proper substitution on the azobenzene molecule, the photochromic switch can bind to other small molecules having complementary substitution patterns through H-bonding and other non-covalent interactions. It was thought that (E)-(Z) isomerization of azobenzene-3,3 0 -dicarboxylic acid might lead to the modulation of pK a values of the two acid groups. Consequently, this may alter the catalytic activities in the two forms of the photoswitchable system. Photomodulation of acidity in a diarylethene (DAE) compound bearing a phenol and a pyridinium group at the two ends of the molecule has been demonstrated. 10 Photomodulation of pK a in the DAE systems has also been studied. 11, 12 Detailed quantitative studies on photomodulation of pK a of a DAE based diacid have recently been conducted by Coudret, Delbaere and coworkers. 13 There are examples of reversible modulation of basicity and catalytic activity by light.
14 Glycosidases are a class of enzyme that catalyses the hydrolysis of glycosidic bonds. The mechanism for the glycoside hydrolysis involves general acid-base catalysis (Fig. 3A) . 20, 21 and (E) (Fig. 1) . The (E) form upon exposure to UV light (366 nm) converts into the (Z) form with a photostationary state having ca. 70% of the (Z) isomer (Fig. S1 , ESI ‡). The (Z) form quantitatively reverts to the (E) form with visible light and heat. For the determination of the pK a values of the (E)-acid, the pH titration was studied by UV-vis spectroscopy. The sigmoidal titration curve thus obtained from the absorbance values against the pH is shown in Fig. 2B . From the plot, a single pK a value for the (E) form of azobenzene was obtained at pH 4.4 (AE0.1).
To convert it to the (Z)-form, a sample of the (E)-dicarboxylic acid was irradiated at a wavelength of 366 nm and 0 1C for 2 hours and the pK a s were determined from the absorbance values at different pH. A double sigmoidal plot obtained in this case revealed the two distinct pK a values of 4.7 (AE0.1) and 6.5 (AE0.2) ( Fig. 2A) . Thus the deprotonation of the two carboxylic groups of the (Z)-acid took place in a stepwise fashion and the molecule exists in an acid-conjugate base (COOH-COO À ) form between pH 4.7 and 6.5. This species is akin to the active form of a glycosidase in terms of functionality. Following the natural glycosidase model of a general acid-general base catalysis, 20 the (Z) isomer in the mono-protonated form was studied as a glycosidase mimic using 4-nitrophenyl-b-D-glucopyranoside as the model substrate. The hydrolyzed product has an intense characteristic absorption at 400 nm. The generation of the phenolic species (Fig. 3B ) from the depletion of the glycopyranoside was monitored with UV-visible absorption to study the catalytic activity (for details cf. ESI ‡). The pH-rate profile of the hydrolysis using the (Z)-isomer displayed a bell shaped curve (Fig. 4A) with a maximum at pH around 5.8. These results correlate well with the species distribution diagram where it is observed that the population of the active acidconjugate base form of the (Z) dicarboxylic acid is maximum within the same pH range (Fig. 2C) . The bell-shaped pH-rate profile indicates a typical characteristic feature of a general acid-base catalysis for the glycosidic bond cleavage reaction. Similarly, the pH-rate profile of the hydrolysis by the (E) azobenzene derivative was also monitored (Fig. 4B) . The data points were fitted to a sigmoidal graph indicating that the reaction is general base catalyzed. It should be noted that the glycosidase mechanism may vary depending on the natural glycosidase 20 or the enzyme model. 21 With the (Z) acid the initial rates of the reaction against the varying concentrations of the substrate were plotted from the steady state kinetics data obtained at pH 5.8 (Fig. 5A) . The plot displays a typical Michaelis-Menten (M-M) pattern. The rate constants (k cat ) and M-M constants (K M ) for the hydrolysis were obtained directly from a non-linear regression fit of the kinetic data via a double reciprocal Lineweaver-Burk (L-B) plot. The kinetic parameters obtained from the plot are listed in Table 1 . It is not surprising that the K M value of our system is higher compared to those of a number of native enzymes reported in the literature 19 since this small molecule enzyme mimic does not contain a specific binding pocket.
Although the experiments were repeated multiple times, the data obtained using the (E) isomer did not follow the M-M kinetics pattern.
Molecular modeling was performed on the pyranoside substrate docked to the energy optimized (Z)-acid and explicitly solvated with water (Fig. S6, ESI ‡) . 22 From the docked structure it was observed that two molecules of water fit between the substrate and the azobenzene molecules. It can thus be speculated that the phenolic oxygen of the 4-nitrophenyl group which is in close proximity to the carboxylic acid group of the (Z)-azobenzene is protonated by the acid (Fig. 6 ). The carboxylate unit deprotonates a molecule of water which in turn deprotonates the neighboring water molecule that attacks the carbon bearing the 4-nitrophenyl leaving group. The catalytic action of the enzyme mimic can be switched reversibly with light by toggling the (E)-(Z) isomerisation as shown in Fig. S7 , ESI. ‡ The thermal stability of the (Z)-form has been investigated ( Fig. S8 and S9 , ESI ‡) and the activation parameters for the thermal reaction are provided in Table S1 , ESI. ‡
The (E)-isomer of the azobenzene-3,3 0 -dicarboxylic acid photoswitch shows a single pK a for the deprotonation of the acidic protons, whereas the (Z)-isomer shows two distinct pK a values indicating a stepwise loss of the protons from the acid. In the pH range of 4.7 to 6.5, the (Z)-isomer exists in the acid-conjugate base form where the -COOH and the -COO À groups can act as a general acid and a general base respectively. The catalytic activity of the (Z)-isomer as a glycosidase mimic at pH 5.8 was found to be highly efficient with a rate enhancement of six orders in magnitude compared to the background. This is the first example of a photo-controlled glycosidase activity with an enzyme mimic. We thank CSIR for support (grant # 01(2717)/13/EMR-II) and UGC, New Delhi, for a Fellowship to MS VSRK is supported by an Int. PhD fellowship from IISER Kolkata. 
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